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". EFFECT _. " OF FUSELAGE / FEmCES ON TBE ANGIZ-OF-ATPACK SupER[joMIC 

PERFORMANCE OF A TOP-INIEC - FUSELAGE COXFIGURATION 

By mil J. KYemzier and Robert C. C a q b e l l  

An i n v e s t i g a t i o n  of the effect of longttudinal body f ences  on the 
performance of a t o p - i n l e t  - fuselage  combination waa conducted i n  the 
PIACA Lewis 8- by 6-foot  supersonic wind tunnel, Thrust-minus-drag 
performance for the fence   conf igura t ion  w%th a t yp ica l   t u rbo je t - eng ine  
i n s t a l l a t i o n  was compared with that for a bot tom-inlet  and a topinlet 
configurat ion  without   body fences. The inves t iga t ion  was conducted at 
free-stream Mach numbers of 1.5 t o  2.0, angles of attack of Oo t o  go, 
and f o r  a r a n g e   o f   i n l e t  mass-flaw ratios. 

Resu l t s  of the inves t iga t ion   i nd ica t ed  that the thrust-minus-drag 
of t h e   t o p - i n l e t  conf i g u r a t i a n  with fences was higher than  that far the 
bot tom-in le t   conf igura t ion   wi thout   fences  over most of the mgle-of -  
a t t ack   r ange ,   bu t  the reverse was true f o r  the e n t i r e  range of lift 
c o e f f i c i e n t  at Mach 2.0 and f o r  the higher  lift c o e f f i c i e n t s  at Mach 
1.8. The a d d i t i o n  of fences Improved the top- in le t   conf igura t ion  
thrust-minus-drag for most of the range of lift c o e f l i c i e n t .  

INTRODUCTION 

The pressure   recovery  of scoop- type   tn le t s   loca ted  on the top sur -  
face of a body is of ten   pena l ized  at ang le  of a t tack   because  of boundarg- 
l aye r   t h i cken ing  ana body cross-flow phenomena (refs. 1 and 2). However, 
the d r a g  rise w i t h  ang le  of attack is less for t op - in l e t   con f igu ra t ions  
than that for bot tom-in le t   conf igura t ions  (ref. 2). AS a r e s u l t  of 
this lower drag rise, the thrust-minus-drag performce of t o p - i n l e t  
conf igura t ions  m q ~  campare p i t e  favorably with that of bottom-inlet  
c o n f i g u r a t i o n s   f o r  certain operating conditions.  A device  designed 
t o   r e d u c e  or eliminate the unfavorable  flow condi t ions  at the ent rance  
of a top i n l e t   w i t h o u t  appreciably increae ing  the conf igura t ion  drag 
would hrprove the thrust-minus-drag performance, t h u s  making the com- 
p m i s o n  of a t o p - i n l e t  with a bot tom-in le t   conf igura t ion  even more 
f avorab le  . 
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As a r e s u l t  of these considerat ions,  an invest igat ion  of  the effect 
of   longi tudina l  body fences on the performance of a top-inlet   configu- .. 
r a t i o n  was conducted. A bottom-inlet   configurat ion was also inc luded   in  
the i n v e s t i g a t i o n   t o  make the comparison more complete. The inveet iga-  
t i o n  was conducted a t  free-stream Mach numbers of 1.5 t o  2.0, angles  of 
a t tack   of  0' t o  go, and f o r  a range of i n l e t  mass-flow r a t i o s .  
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me following symbols are used  in this r epor t :  

drag c o e f f i c i e n t ,  D/c+,s~ 

l i f t  coe f f i c i en t ;  L/+,s, 

pitching-moment coef f ic ien t   about   body  s ta t ion  45, moment/q# 2 

drag 
m 

i n t e r n a l   t h r u s t  o f  turbojet-engine-and-inlet  combination 

i n t e r n a l   t h r u s t  o f  turbojet-engine-and-inlet   combination  for 
100-percent   in le t   to ta l -pressure   recovery  

l i f t  

body length ,  73.125 in .  

Mach number 

mss-flow r a t i o ,   u n i t y  when f'ree-stream tube  as defined by cowl 
l i p  e n t e r s   i n l e t  

t o t a l   p r e s s u r e  

s t a t i c   p r e s s u r e  

free-stream dynamic pressure ,  1 p$lo 

l o c a l  body r a d i u s  

2 

maximum cross-sec t iona l  area of  model, 33.41 sq i n .  

l o c a l  body s t a t i o n  measured  from  nose of body 

angle   of   a t tack,   deg 

r a t i o   o f   s p e c i f i c   h e a t s  

0 
rl 
v) 
M 
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Subscr ip ts :  

P 0 free stream 

3 

2 d i f fuser   d i scharge  

g A sketch  of  the model i nves t iga t ed  is shown in f igure .1 .  The 
2 
3 model cons is ted  of the NACA RM-10 body and a two-dimensional ramptype 

i q l e t .  All details of the model, strain-gage bdamx,  support  system, 
and  pressure  instrumentat ion are similar t o  those  of   reference 2 with 
the exception that the i n l e t  ramp angle  was increased t o  19'. As a 
r e s u l t  of this increase ,  it was n e c e s s a r y   t o  alter the r w  pro jec t ion  

c r i t i c a l  mass-flow r a t i o .  The forward  portion  of the cowl was modi- 
f i e d  t o  conform with the increased ramp angle,  and the boundary-layer 

s l i g h t l y   f o r   s t r u c t u r a l   r e a s o n s .  Details of the lnlet axe i l l u s t r a t e d  

figure 3. 

M 
0 
P d ahead of the cowl lip to maintain a p p r o x h a t e l y  the same i n l e t   s u p e r -  

? 
3 wedge pos i t i on  with respect t o  the ramp leading  edge wa8 altered 

.. in  figure 2 and the   subsonic-d i f fuser  area v a r i a t i o n  is shown i n  

s The test was conducted with three model  configurations : (1) a 

3 

bottom-inlet   configurat ion,  (2) a top- in le t   conf igura t ion ,  and (3) a 
top- in le t   conf igura t ion  with longi tudinal   body  fences .  

Dbens ions   o f  the fuse lage- fence   conf igura t ion   inves t iga ted  me 
shown i n  figure 4 and a photograph  of the complete m o d e l  with fences  
i n s t a l l e d  is shown i n  figure 5. The fences were fabricated of 0,081- 
fnch-thick sheet metal and  fas tened t o  the fuse lage  skin. 

Reduction  of data f o r  the complete test m s  similar t o  that of 
re ference  2. The inves t iga t ion  was conducted i n  the L e a s  8- by 6-foot 
supersonic wind tunne l  a t  gree;strgam Mach numbers of 1.5, 1.8, and 
2 .O; angles  of attack of 0 , 3 , 6 , and 9' 3 and f o r  a r a n g e   o f   i n l e t  
mass-flow ratios. eynolds number range f o r  the inves t iga t ion  w'a6 from 
2 6 . 9 ~ 1 0 ~   t o  33.0KLO based on model length .  8 

RESULTS AND DISCUSSION 

Basic Model D a t a  

* I n l e t   t o t a l - p r e s s u r e   r e c o v e r y  and model d rag   coe f f i c i en t  as a 
function  of mass-flow ra t io   fo r   fou r   ang le s   o f   a t t ack   and  three free- 
s t ream Mach numbers are shown i n   f i g u r e  6 f o r  the bottom-inlet ,  top- 
i n l e t ,  and  top-inlet-with-fences  configurations.   For the b o t t o m   i n l e t  

- 
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( f i g s .  6(a) t o  (c))  , only a s l i g h t   v a r i a t i o n  I n  the  pressure-recovery - 
mass-flow-ratio  curves is .observed wlth mgle of attack,  whereas  the 
i n c r e a s e   i n  drag c o e f f i c i e n t  iB q u i t e  pronounced. The t o p  h l e t  (figs. 
6 ( d )   t o   ( f ) )  exhibits large decreases i n  mass flaw and  pressure  recovery 
wi th   increas ing   angle  of attack and  only slight changes i n  drag coef- 
f ic ien t .   Addi t ion   o f  fuselage f e n c e s   t o   t h e   t o p - i n l e t   c o n f i g u r a t i o n  
affects inlet  pressure  recovery and configurat ion drag  coe f f i c i en t  as 
shown i n   f i g u r e s   6 ( g )   t o   ( i ) .  No change i n   s u p e r c r i t i c a l  mass-flow 
r a t i o  is  observed  for   angles  of attack up t o  6'. Decreases in i n l e t  
pressure  recovery with increas ing   angle  of a t t a c k  were somewhat less 
than that noted for the t o p   i n l e t   w i t h o u t   f e n c e s .  The addi t ion  of  
fences also produced a s l i g h t l y  greater increase  In drag   coe f f i c i en t  
with angle o f   a t t a c k  a t  free-stream Mach numbers of 1.8 and 2.0. 

Model l i f t ,  drag,  and  pitching-moment  coefficients  for  the three 
configurat ions  invest igated are shown i n  figure 7 as a funct ion  of  angle 
of attack f o r  three free-stream Mach numbers and s u p e r c r i t i c d   i n l e t  
operation.  Variation  and  magnitudes  of  the l i f t ,  drag, and moment 
coef f ic ien ts   for   the   top-   and   bo t tom-in le t   conf igura t ions  were similar 
t o   t h o s e   r e p o r t e d   i n   r e f e r e n c e  2. The add i t ion  of f u s e l a g e   f e n c e s   t o  
the top- in le t   conf igura t ion   increased  the zero-angle-of-attack l i f t  
and drag coe f f i c i en t s .  L i f t  curve  s lopes were a p p r o x b t e l y   t h e  same 
as t h o s e   f o r  the top- in le t   conf igura t ion   wi thout   fences ,   bu t   the  drag 
rise wl th   angle   o f   a t tack   increased  somewhat a t  Mach numbers of 1.8 
and 2.0. Pitching-moment c o e f f i c i e n t s   g e n e r a l l y  showed a v e r y   s l i g h t  
increase  w i t h  the add i t ion  of f e n c e s   f o r  most of t h e  range  of tes t  con- 
d i t i o n s ,  while l i t t l e  or no  change in the slope of t he   cu rves  was 
observed. 

Evaluation of Configuration Performme 

Variat ion  of  the ra t io   o f   conf igura t ion   th rus t -minus-drag   to  idea l  
t h r u s t  w i t h  angle of attack is presented I n  f i g u r e  8 f o r  free-s t ream 
Mach numbers of 1.8 and 2.0. In l e t   ope ra t ion  a t  a diffuser-discharge 
Mach number of 0.21 ~rws assumed toge ther  w i t h  a typical turboje t   engine  
opera t ing  a t  35,000-foot  a)titude. Hone of t h e  three conf igura t ions  
inves t iga ted  showed any marked degree of thrust-minus-drag  auperior i ty  
ove r   e i t he r   o f   t he   o the r  b o  f o r  the en t i re   range   of   angle   o f   a t tack .  
For   the   top- in le t   conf igura t ion  with fuselage fences,   the   tbrust-minus-  
drag  waa genera l ly   h igher   than  that for   the   bo t tom-in le t   conf igura t ion  
f o r  a l l  b u t   t h e   v e r y  low angle8 of attack.  Thrust-minus-drag  for  the 
top- in le t   conf igura t ion   wi thout   fences  was higher   than that for t h e  
fence  configurat ion a t  only  the  high  and low angles  of a t t ack .  

Ratio of   configurat ion  thrust-minus-drag  to  i d d  thrust of figure 
8 is presented as a func t ion   of  m o d e l  lift c o e f f i c i e n t   i n   f i g u r e  9. 
Add i t ion   o f   t he   fu se l age   f ences   t o   t he   t op - in l e t   con f igu ra t ion   i nc reased  

0 
m r l  
to 
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the thrust-minus-drag  for  most of the range of lift c o e f f i c i e n t ,  partic- 
u l a r l y  at a free-stream Mach number of 1.8. The thrust-minus-drag  for  
the bot tom-inlet   configurat ion w&s greater than either of the t o p - i n l e t  
configuratfons for  the e n t f r e  range of lift c o e f f i c i e n t  at  a free-stream 
Mach number of 2.0 and f o r  the higher lift c o e f f i c i e n t s  a t  a free-stream 
Mach number of 1.8. The top - in l e t   con f igu ra t ion  with fences  had values  
of thrust-minus-drag greater than  that f o r  the bottom-inlet conf igura t ion  
for only a lFmited range of lift c o e f f i c i e n t  at  a free-stream Mach number 
of 1.8. 

c 

SUMMARY OF RESULTS 

An i nves t iga t ion  of the effect of l o n g i t u d i n a l  body fences  on the 
performance  of a tap-inlet - fuselage cambination was conducted a t  free- 
s t ream Mach numbers of 1.5 t o  2.0 for a range of model  angles of attack 
and i n l e t  mass-flow ratfos. The f o l l a r l n g   r e s u l t s  were obtained: 

1. None of the three conf igura t ions   inves t iga ted   (bo t tam  in le t ,   top  
i n l e t ,   t o p   i n l e t  with fences)  showed any mrked   deg ree  of thrust-minue- 

angle of attack or free-stream Mach nuniber. 
drag s u p e r i o r i t y  over either of the other two for the e n t i r e   r a n g e  of 

J 2. The add i t ion  of fuse lage   fences  t o  a tap- in le t   Conf igura t ion  
r e s u l t e d  i n  an improvement in  thrust-minus-drag  over that obtained with 
a bot tom-inlet   configurat ion  for   most  of the angle-of-at tack  range,  but 
the reve r se  was t r u e   f o r  the e n t i r e  range of lift c o e f f i c i e n t  a t  Mach 
2.0 and f o r  the higher lift c o e f f i c i e n t s  at Mach 1.8. 

3. Fuselage fences  improved the thrust-minus-drag  performance of a 
top - in l e t   con f igu ra t ion  for most of the range of lift c o e f f i c i e n t .  

Lewis Flight Propulsion Laboratory 
mational  Advisory Committee fo r  Aeronautics 

Cleveland, Ohio, October U, 1954 
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Figure 1. - &etch of model investigated. Body deflned by r I & (2 - z). (Dlmenslms are in Inches.) 
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Figure 2. - Detaile of inlet. (Dbue.nsims m e  in inchee. ) 
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F i w a  5. - Mcdel witb femes instal led.  
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P i $ n e  6. - Varlation of preasure rwovsry md &e# coefficient. 



. .. 

P 
I 

I 

0 
A 9 6 1  

.70 .90 

1 

.. . 

. I 



. ." . .. 

1 a 

.20 

.10 .40 

(9) Top Inlet with fsncesj 
1.5. 

I I 

0 0 
0 
0 

3 
6 

A 9 

.50 .70 

(i) Top inlet  with  fences; % - 2.0. 
- 

Figure 6. - Concluded. Variation of preaaure recovery and drag coefficient. 
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(a) wee-stream Mach 
number, 1.5. 

Angle of attack, a, t 

1 

Figure 7 .  - variation of force and moment coeificiente with angle or attack. (supercritical 
inlet operation.) 
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(a) Free-stream ~ a c h  rider, 1.8. 

0 2 4 6 0 10 
Angle of attack, a, aeg 

(b) Free-stream  Mach number, 2.0. 

Figure 8. - Ratio of thrust-minus-drag 60 ideal thrust as a 
function of angle of attack. Diffuser-discharge Mach number, 
0.211 altitude, 35,000 feet. 
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(a)  Free-stream Mach number, 1.8. 

- .1 0 .I .2 .3  .4 .5 
Lift  coefficient,  CL 

(b) Free-stream Mach number, 2.0. 

. ". 

Figure 9. - Ratio of thrust-mfnus-drag to ideal  thrust as a function of 
model lift  coefficient.  Diffuser-discharge Mach number, 0.211 alt i tude,  
35,000 feet. 
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